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Introduction:

The purpose of this project is to use combination drug therapy to augment the differentiation
response of breast cancer cells to the antitumor antimalarials: chloroquine (CQ) and
hydroxychloroquine (HCQ). We hypothesized that the use of a drug combination modulating
epigenetic events would lower the concentration of CQ or HCQ needed to produce the
differentiation response. Hence, the proposed work seeks to use these two promising agents in
combination with the demethylating agent, 5-Aza-2’-deoxycytidine (5-Aza-dC), or with the
differentiating agent, all-trans-Retinoic acid (ATRA) in order to lower the threshold for
chemotherapy-induced cell death in breast cancer cells. Human breast cancer cell lines (MCF-7
and MDA-MB-231) will be treated with either CQ or HCQ at their IC25 and IC50 MTS values +
5-Aza-dC or ATRA. Cellular differentiation will be measured by exit from the cell cycle to a
Ki67 negative state and by accumulation of cytoplasmic lipid droplets. Cell survival, histone H4
acetylation status, and HDAC (histone deacetylase) 1 and 2 protein degradation will be
measured. In addition, the development of a new and highly sensitive assay for histone H4
acetylation by mass spectrometry will be pivotal in further developing HDAC inhibitors for the
prevention and treatment of breast cancer. This new approach will illustrate the level and the
specific lysine sites that get modified (acetylated/deacetylated) by the chemotherapeutic agents.
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Research Accomplishments

Task #1 of this project is to determine optimal conditions for cellular differentiation using
CQ or HCQ + 5-Aza-dC or ATRA (or a vitamin D-derivative as an alternative drug of choice if
the other agents do not cause differentiation).

Cell survival was first measured using the MTS assay in which cells were pretreated with 5-
Aza-dC or ATRA 48hrs before treatment with CQ. The combination of ATRA with CQ
sensitized both the MDA-MB-231 (estrogen receptor, ER-) and MCF-7 (ER+) cell lines to
growth inhibition. The combination of 5-Aza-dC (at its lowest concentration, 1uM) with CQ
sensitized the MDA-MB-231 (ER-) cells, but failed to elicit growth inhibition in the uncloned
early passage MCF-7 (ER+) cell line. However, the combination of 5-Aza-dC with CQ did
sensitize clonal ER- and ER+ MCF-7 cell lines to growth inhibition indicating that the response
is not dictated by ER expression. To show the effect of the antimalarials in combination with the
lowest concentrations of either 5-Aza-dC or ATRA on breast cancer cell growth, cell viability
was measured to generate growth curves (Figurel,2). More than the MTS assay, clonogenic
survival is a highly sensitive assay for determining dose response. Clonogenic survival assays
measure the ability of cells to survive and form discrete colonies at a low plating density;
therefore, it is the closest method to correlating in vitro to in vivo studies. Thus, this method was
adopted to show the effect of the antimalarials with 5-Aza-dC or ATRA on tumor survival
(Figure 3). Overall, these results show that the combination of 5-Aza-dC or ATRA with CQ
decreases breast cancer cell survival more than CQ alone.

A primary marker for cellular differentiation entails the accumulation of cytoplasmic lipid
droplets, which can be detected using Oil Red-O histochemistry. As evidence of cellular
differentiation, both CQ and HCQ + 5-Aza-dC or ATRA led to the accumulation of cytoplasmic
lipid droplets detected by Oil Red-O staining in both the MCF-7 and MDA-MB-231 breast
cancer cell lines after 48 hours of treatment (Figure 4,5). The results showed that the
combination of 5-Aza-dC (10uM) or ATRA (10uM) with CQ or HCQ caused enhanced lipid
droplet accumulation at both their IC25 and IC50 values than either antimalarial alone.

Another primary marker for cellular differentiation is cell cycle arrest in G1 as measured by
Ki67 histochemistry. Ki67 is a large nuclear protein expressed in all proliferating cells, in
normal as well as in tumor cells. It is also expressed during all active phases of the cell cycle
(G1, S, G2, and M-phases), but is absent in resting, or differentiating cells (GO phase) (Scholzen
and Gerdes, 2000). Therefore, it makes it an excellent marker in determining the growth fraction
of a given cell population and is used widely as a diagnostic tool in distinct neoplasms. For this
reason, Ki67 protein was measured in both MCF-7 and MDA-MB-231 breast cancer cells after
48 hours of treatment with CQ or HCQ at IC25 and IC50 MTS values + 5-Aza-dC or ATRA
(Figure 6). The results showed that the combination of 5-Aza-dC (10uM) or ATRA (10pM)
with CQ or HCQ displayed an enhanced Ki67 index which is indicative of a greater percentage
of cells that have exited from the cell cycle into a differentiated Ki67 negative state.

In conclusion, both CQ and HCQ serve as selective breast tumor differentiating agents and
the combination of low concentrations of 5-Aza-dC or ATRA with these antitumor antimalarials
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decreases breast cancer cell survival and augments the differentiation response more than either
CQ or HCQ alone. Task #1 is complete.

Task #2 of this project is to determine the optimum conditions for histone H4
hyperacetylation. Using Western blotting, histone H4 acetylation status and HDAC 1 and 2
protein levels will be measured in breast cancer cells treated with CQ or HCQ + 5-Aza-dC or
ATRA. The acid-extraction protocol from Upstate (Upstate Biotechnology, NY) was adopted to
isolate total histone proteins. Western blotting was performed on MCF-7 breast cancer cells
treated with CQ at its IC50 MTS value + ATRA (Figure 7). After quantitation, the results
showed greater than 4 fold increase in the levels of acetylated histone H4 upon combination
treatment with CQ and ATRA (100uM). The levels were similar to that of the positive control,
TSA (trichostatin A, 300nM), showing that combination treatment caused a greater
hyperacetylation response. Objective #1 of this project is complete. Objective #2 and #3 will be
completed once the histone acetylation status of the antimalarials combined with 5-Aza-dC is
measured and the HDAC 1 and 2 protein levels assessed.

In addition, future work will also include using another new and promising antitumor agent,
NSC69603 (received from the National Cancer Institute (NCI), MD) which has structural
similarity to that of CQ. NSC69603 has shown to be a very potent differentiating agent with
extremely low toxicities as determined by in vivo studies done by NCI. Using Oil-Red-O and
Ki67 histochemistry assays, NSC69603 caused lipid droplet accumulation and exit from the cell
cycle to a Ki67 negative state at very low concentrations. In order to confirm G1 cell cycle
arrest, alterations in the regulation of a key regulatory cell cycle protein, E2F, was measured by
Western blotting (Figure 8). E2F, which is tightly bound to the retinoblastoma (Rb) protein,
interacts with HDAC to enhance cell cycle progression and is differentially regulated in breast
cancer cell lines versus normal mammary cell lines (Melkoumian, Z. et al., 2002). The results
show significant downregulation of E2F-1 protein at 48 hours, which is indicative of an
enhanced differentiation response. Future work will explore the effects of NSC69603 + 5-Aza-
dC or ATRA on cellular differentiation and histone H4 hyperacetylation.

Training Accomplishments

In addition to the above stated research accomplishments, the P.I. has made several training
achievements during the July 1, 2002 through June 30, 2003 funded year. Per the requirements
of the P.1.’s Pharmacology and Toxicology Ph.D. Program, a written and oral proposal defense
was successfully completed in August of 2002. Results attained during the funded year were
also presented in the departmental seminar in May of 2003. The P.I. also completed two
semesters of required courses and presented these findings in the departmental research forums
each semester. The P.I. attended the American Association for Cancer Research meeting held in
Washington, D.C. in July of 2003 and participated in the abstract submission and poster
presentation.
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Figure 1: Breast Cancer Cell Survival Following Antimalarial and 5-Aza-2’-
deoxycytidine Treatments
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Figure 1: Effect of 5-Aza-dC combined with the Chloroquine antimalarial on tumor cell growth. 2x10° MDA-
MB-231 and MCF-7 cells were plated in 3ml of 5% FBS DMEM in 35mm dish plates. Following drug treatments,
cell counting and viability were assessed on the indicated days to generate the growth curves. Data represents n=3
(duplicates per each individual experiment) +/-SEM.
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Figure 2: Breast Cancer Cell Survival Following Antimalarial and Retinoid
| Treatments

==%== Control

—— 1M ATRA
—=— 33uM CQ
—— 1uM ATRA + 33uM CQ
MCF-7 MDA-MB-231
401 40~
o
E 30+
3
£ 20-
-
<
§ 10+
0 ) | I I | ] | | ]
6

L} 1
o 1 2 3 4 5 6 7 8
Days

Figure 2: Effect of ATRA combined with the Chloroquine antimalarial on tumor cell growth. 2x10° MDA-
MB-231 and MCF-7 cells were plated in 3ml of 5% FBS DMEM in 35mm dish plates. Following drug treatments,
cell counting and viability were assessed on the indicated days to generate the growth curves. Data represents n=3
(duplicates per each individual experiment) +/-SEM.
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Figure 3: Clonogenic Survival of Breast Cancer Cells
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Figure 3A.B: Effect of Chloroquine antimalarial + 5-Aza-dC or ATRA on tumor clonogenic survival. 6x10° MCF-7 or MDA-MB-231
cells pretreated with CQ(33pM), 5-Aza-dC (1uM), or ATRA (1uM) were plated in 5ml of 10% FBS DMEM in 60mm dish plates. MCF-7
and MDA-MB-231 cells were then subjected to a 7 or 5 day (undisturbed) incubation period, respectively. To visualize colonies, dishes were
stained with 3 ml of 0.5% crystal violet, 5% formalin, 50% ethanol, 0.85% NaCl for 3 minutes, then rinsed with tap water. Colonies were
scored using a Nikon Eclipse TS100 microscope at 20X magnification with 220 MCF-7 cells and >50 MDA-MB-231 cells =1 colony. Data
represents n=3 (duplicates per each individual experiment) +/-SEM (*p<0.001).
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Figure 4: Augmentation of Cellular Differentiation in Breast Cancer Cells Following
Combination Treatment of 5-Aza-2’-deoxycytidine with Antimalarials
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Figure 4A.B: Oil-Red-O (ORO) Histochemistry: Effect of Chloroquine or Hydroxychloroquine antimalarials + 5-Aza-dC on cellular
differentiation. A.) HCQ (IC25) + 10uM 5-Aza-dC B.) CQ or HCQ (IC50 and IC25) + 10pM 5-Aza-dC. MCF-7 and MDA-MB-231 cells
were plated on 5x5 mm? 95% ethanol-washed glass coverslips in 35 mm” dishes at 2x10° and 1x10° cells per dish, respectively. 48 hours
after drug treatment, the ORO assay was performed and lipid droplet accumulation in the cytoplasm was visualized by light microscopy. At
least 300 cells were counted visually. Data represents 1 experiment.
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Figure 5: Augmentation of Cellular Differentiation in Breast Cancer Cells Following
Combination Treatment of all-trans-Retinoic Acid with Antimalarials
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Figure 5A.B: Oil-Red-O (ORO) Histochemistry: Effect of Chloroquine or Hydroxychloroquine antimalarials + ATRA on cellular
differentiation. A.) CQ (IC25) + 10uM ATRA B.) CQ or HCQ (IC50 and IC25) + 10uM ATRA. MCF-7 and MDA-MB-231 cells were
plated on 5x5 mm? 95% ethanol-washed glass coverslips in 35 mm? dishes at 2x10° and 1x10° cells per dish, respectively. 48 hours after
drug treatment, the ORO assay was performed and lipid droplet accumulation in the cytoplasm was visualized by light microscopy. At least
300 cells were counted visually. Data represents the mean of 2 independent experiments (+/- SEM).
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Figure 7: Histone H4 Hyperacetylation in MCF-7 Cells Following
Combination Treatment of all-trans-Retinoic Acid with Chloroquine
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Figure 7: Effect of Chloroquine antimalarial + ATRA on histone H4 acetylation status.
1x107 MCF-7 cells were treated with trichostatin A (TSA, 300nM) or chloroquine (CQ,
ICsy=33uM) = ATRA for 24 hours. Total histone proteins were isolated using acid-extraction
protocol from Upstate. 20pg of purified histone proteins were resolved on a 12% acrylamide gel
and analyzed by Western blot. Signals were quantitated by FluoroChem (Alpha Innotech, San
Leandro, CA) spot densitometry using automatic background subtraction.
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Figure 8: E2F-1 Protein Expression in MCF-7 Cells Following Quinoline Treatment
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Figure 8: Downregulation of E2F-1 Protein following treatment with Quinoline Antimalarials. MCF-7 (2x106
cells/60 mm? dish) were treated with quinidine (QD, 90uM), chloroquine (CQ, IC5o=33pM), trichostatin A (TSA,
3uM), hydroxychloroquine (HCQ, IC5¢=57uM), or NSC69603 (ICso=15uM) for either 24 or 48 hours. Total cellular
proteins were isolated using boiling lysis buffer (1% SDS, 10mM Tris, pH 7.4). 80ug of whole cell extract proteins
were resolved on a 10% acrylamide gel and analyzed by Western blot. Signals were quantitated by FluoroChem

(Alpha Innotech, San Leandro, CA) spot densitometry using automatic background subtraction. Data shown
represents the mean of three experiments +SEM.
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Key Research Accomplishments:

e Conditions for cellular differentiation optimized. (Task #1)
e Optimization of cell survival assay and histone isolation. (Task #1, Objectives #1-3)

e Western blot: Histone H4 hyperacetylation response measured. (Objective #1 and #3)

Reportable Outcomes:

e Abstract and poster presentation- American Association for Cancer Research Meeting;
July 11-14, 2003; Washington, D.C. “Combination drug therapy with antitumor
antimalarials augment the differentiation response to breast cancer cells.” Bata, R.R.,
Zhou, Q., and Strobl, J.S. Abstract #3725. Proceedings of 94™ Annual American
Association for Cancer Research, Vol. 44, 2™ edition.

e Liu, C, Strobl, J.S., Schilling, J.K., McCracken, M., Chatterjee, S.K., Rahim-Bata, R.,
and Kingston, D.G.I. “Design, synthesis and bioactivities of steroid linked taxol analogs
as potential targeted drugs for prostate and breast cancer.” (Manuscript submitted June
2002), Journal of Natural Products.

Conclusions:

The proposed work focused on using two promising antitumor antimalarials in combination with
the demethylating agent, 5-Aza-dC, or with the differentiating agent, ATRA in order to lower the
threshold for chemotherapy-induced cell death in breast cancer cells by augmenting their
differentiation response. Cell survival, cellular differentiation, and histone H4 acetylation status
were measured to show increased sensitivity of breast cancer cell lines to growth inhibition,
differentiation, and histone H4 hyperacetylation upon combination treatment of the antimalarials
with 5-Aza-dC or ATRA. Experiments to assess the level of HDAC1,2 and E2F proteins will be
performed and also include the addition of NSC69603. Finally, normal mammary cell lines will
be treated with these drug combinations to determine the selectivity of the agents. All of these
experiments will aid in the development of a new and highly sensitive assay for histone H4
acetylation by mass spectrometry.

15
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